Dietary spray-dried plasma protein (SDPP) is effective in improving growth performance of pigs raised in unsanitary conditions. However, little is known about the efficacy of SDPP in improving growth performance and carcass characteristics of broiler chickens. In the present study, graded levels of bovine SDPP (0 to 2% of the diet) were fed to male broiler chickens (Ross 308) from 1 to 42 d of age. The study was divided into 2 experiments, each with 480 chickens, with identical experimental designs. Broilers in the second experiment were raised on the soiled litter from the first experiment, thereby creating 2 environments with different levels of sanitation. Broilers fed the control diet in experiment 2 had higher mortality, lower rate of body weight gain, and were less uniform than broilers fed the control diet in experiment 1, suggesting that reusing the soiled litter in experiment 2 resulted in a relatively more unsanitary environment. Dietary bovine SDPP did not affect growth performance or carcass characteristics in the first experiment, but improved growth rate, feed conversion, breast-meat yield (as a percentage of carcass weight), and flock uniformity of the broilers in the second, more unsanitary, experiment. In conclusion, dietary SDPP, fed throughout the growth period, improved growth performance and breast-meat yield of broilers raised in an unsanitary environment.
DESCRIPTION OF PROBLEM
In the United States, commercial broiler chickens are raised in floor pens and the litter commonly reused between flocks after the wet or crusty top layer has been removed. This management practice has economic benefits, but exposes the chickens to bacteria and parasites in the litter from the previous flock [1, 2, 3] , in 1 To whom correspondence should be addressed: kristjan@iastate.edu.
turn creating an unsanitary environment. Dietary spray-dried plasma protein (SDPP) has been shown to improve the growth performance of pigs when raised in an unsanitary environment [4, 5, 6, 7, 8] . In contrast, little information is available on the effects of SDPP on growth performance when fed to broilers [9, 10, 11] . Recently, Campbell et al. [11, 12] showed that spray-dried serum proteins [13] , delivered through the water, improved growth perfor- Diets A, B, C, D, and E contained 0.0, 0.5, 1.0, 1.5, and 2.0% bovine spray-dried plasma protein, respectively, during the starter phase (wk 1 and 2); 0.00, 0.25, 0.50, 0.75, and 1.00% bovine spray-dried plasma protein, respectively, during the grower phase (wk 3 and 4); and 0.0, 0.125, 0.25, 0.375, and 0.50% bovine spray-dried plasma protein, respectively, during the finisher phase (wk 5 and 6).
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NS at P > 0.05; Q = quadratic effect (P < 0.05); C = cubic effect (P < 0.05).
mance of broilers and turkeys raised in an unsanitary environment. Administering SDPP through automatic drinking systems is beneficial for short-term administration as well as during stress periods or disease outbreaks when feed consumption may be low, but has the disadvantage of requiring daily cleaning of the drinker system to avoid bacterial buildup. Including SDPP in the diet offers the convenience of incorporating functional proteins into the broiler management program on a more long-term basis. The objectives of this study were to determine the growthperformance and carcass-quality responses of growing broiler chickens to graded levels of dietary bovine SDPP when raised in an unsanitary environment simulating common production practices. All procedures were approved by the Iowa State University Committee on Animal Care.
MATERIALS AND METHODS
In experiment 1, the unsanitary environment was created by mixing 50% clean pine shavings with 50% soiled litter from an on-site turkey barn. The litter was reused in experiment 2, which was performed 2 wk after the conclusion of experiment 1. During the 2-wk down period, the building remained heated (minimum 15°C), while the litter was blended with an additional 25% soiled turkey litter and kept moist to facilitate bacterial growth.
In each experiment, 480 unvaccinated 1-dold male broiler chicks (Ross × Ross 308) were purchased from a commercial hatchery [14] and transported to the Iowa State University Poultry Science Center outside Ames, IA. Upon arrival, the chicks were wing banded and randomly allotted to 40 floor pens [15] , after which each pen was assigned 1 of the 5 dietary treatments (Tables 1 and 2) according to a randomized complete block design. Spray-dried plasma protein [16] of bovine origin replaced soybean meal in the control diet on a lysine basis. When necessary, contents of DL-methionine and fat were adjusted to maintain equal dietary contents of energy and methionine + cysteine. All diets were formulated to meet or exceed the National Research Council's [17] nutrient recommendations for broiler chickens using the feed-ingredient nutrient profiles reported by the National Research Council [17] . The nutrient profile reported by the National Research Council [18] and an estimated nitrogen-corrected metabolizable energy content of 3500 kcal/kg were used for SDPP. The diets were pelleted after which portions of the animal-vegetable blend and all of the SDPP were added; the starter diet was crumbled following pelleting.
Feed consumption was determined weekly and broilers were weighed every 7 d as pen Chilled carcass weights were recorded for all broilers, and carcasses were subsequently cut into breast, leg, wings (including wing tips), and remainder of carcass (including the neck). The weights of all parts were recorded; for breast, the skin + bones and meat were weighed separately. All processing and carcass measurements were performed in pen order, thereby randomizing the order in which broilers on different treatments were processed. In experiment 1, the cutup procedure, performed on only 5 carcasses per pen, resulted in high person-to-person variability and the data were deemed unreliable and not included in this report. The cut-up procedures were consequently changed for experiment 2, such that measurements (still performed in pen order) were made on all carcasses and specific cuts were assigned to specific persons in an attempt to minimize person-to-person variability. Data were subjected to analysis of variance procedures appropriate for a randomized complete block design with the pen locations within the barn as blocking criterion. Mortality percentages were transformed to arcsine square root percentages before statistical analysis to ensure a normal distribution [20] . Individual pens served as experimental units and effects of bovine SDPP were evaluated using linear, quadratic, and cubic contrasts with P < 0.05 considered significant. Results are expressed as means of 8 pens per dietary treatment ± pooled standard error.
RESULTS AND DISCUSSION
In experiment 1, dietary bovine SDPP did not (P > 0.05) affect growth performance in the starter phase, but increased (P < 0.05) feed consumption in the grower phase, leading to a significantly poorer feed conversion in this phase (Table 3) . However, neither the rate of body weight gain nor feed conversion was affected by SDPP in the finisher or overall growth phases (P > 0.05), which disagreed with observations from previous reports of broilers and turkeys fed bovine SDPP [9, 11, 12, 21] . The final body weight (3.14 ± 0.03 kg), mortality, and flock uniformity (Table 4) were not affected (P > 0.05) by the dietary treatments in experiment 1. The low mortality of the control-fed birds (diet A) coupled with a growth performance surpassing that expected from the Ross-308 performance objectives [22] suggested that the environment in experiment 1 was not sufficiently unsanitary to elicit clear SDPP responses. Indeed, a lack of growth performance responses to dietary SDPP is observed in broilers and pigs when the controlfed animals are performing above expectations [7, 11] . Experiment 1 was therefore repeated, with the anticipation that reusing the soiled litter would result in an environment that was more unsanitary than that achieved in experiment 1. The rate of body weight gain of the controlfed broilers (diet A) from 0 to 6 wk of age observed in experiment 2 (67.5 ± 0.7 g/d) was lower than that observed in experiment 1 (72.1 ± 0.7 g/d) and the body weights less uniform at slaughter (57% of the control-fed broilers were within 10% of the mean pen body weight in experiment 2 compared with 78% of broilers in experiment 1; Table 4 ). In addition, the mortality of control-fed broilers in experiment 2 was appreciably higher than that observed in experiment 1 (Table 4 ). These observations suggest that the reuse of the litter and the lack of cleaning and disinfection of the barn between the experiments resulted in a relatively more unsanitary environment in experiment 2 in which the bovine SDPP would exert its effects.
In the unsanitary environment of experiment 2, dietary bovine SDPP increased feed consumption in all growth phases except the grower phase, and increased the body weights in both the grower and overall phases (P < 0.05; Table  5 ). The higher rate of body weight gain of SDPPfed broilers was accompanied by an improved feed utilization in the starter and grower phases (P < 0.05), an effect also observed by Campbell et al. [11] when broilers were raised in an unsanitary environment. SDPP contains immunoglobulins that enhance the immune system and, at least in part, explains the improved growth performance of antigen-exposed pigs [23] . Because broilers have immature immune systems immediately following hatch, antibodies in the bovine SDPP were expected to compensate for the immature status of the gut-associated lymphoid tissue (GALT) and protect against pathogens that may suppress feed consumption and growth rate during this period [24, 25, 26] . However, bovine SDPP did not significantly improve growth performance in the first 2 wk of age, but did improve the overall rate of body weight gain and feed consumption in experiment 2. Yi et al. [9] reported that SDPP improved rate of body weight gain at 3 and 7 d of age and Campbell et al. [11] showed that SDPP improved rate of body weight gain, feed consumption rate, and feed conversion of broilers up to 3 wk of age.
Mortality was not affected by the dietary treatments (P > 0.05; Table 4 ), which is in agreement with observations of pigs and broilers raised in immune-challenging environments and fed porcine SDPP or bovine spray-dried serum proteins, respectively [7, 11] . However, bovine SDPP administered through the water to turkeys protected against mortality caused by a challenge with Pasteurella multocida, the causative agent of fowl cholera [21] . In experiment 2 of the present study, broilers under 2 wk of age, regardless of diet, generally died from causes relating to E. coli and Streptococcus infections, whereas broilers older than 2 wk of age died from either ascites syndrome or pulmonary hemorrhage. The high incidence of mortality from ascites syndrome across all dietary treatments in experiment 2 was likely instigated by the lighting program [27], which was intentionally lengthened in an attempt to increase feed consumption and growth rate. The flock uniformity (measured as coefficients of variation and proportion of birds within 10% of the mean body weight) improved quadratically (P < 0.05) with increasing dietary bovine SDPP (Table 4) . The broilers fed bovine SDPP were heavier (P < 0.05) than control-fed broilers at slaughter in experiment 2 and, because SDPP did not affect dressing percentage (P > 0.10), the SDPPfed birds also had a higher carcass weights (Table 6). Bovine SDPP increased (P < 0.05) breastmeat yield expressed as a percentage of carcass weight cubically (Figure 1) . No significant effects on the cut-up yields of legs or the remainder of the carcass were observed; however, the wings made up a slightly smaller, linearly decreasing (P < 0.05), percentage of the carcass with increasing dietary bovine SDPP (Table 6) . Specific cuts were made by the same person and carcasses were processed in pen order, so it is unlikely that the larger breast-meat yield and corresponding smaller wing weights were caused by the processing procedure. Both nutrition and health status affect muscle development and breast-meat yield [28, 29] . Furthermore, the amount of feed consumed immediately posthatching affects body weight and breast-muscle yield at 41 d of age [29] . In the present experiment, bovine SDPP tended to increase feed consumption quadratically during the first week after hatch (P = 0.08; data not shown) and increased feed consumption quadratically (P < 0.05) in the starter phase. It is possible that the effects of SDPP on feed consumption was manifested already at 3 d of age as indicated by Yi et al. [9] , in which case the increase in feed consumption could account for the improvement in breast-meat yield observed in experiment 2.
The results from this study show that bovine SDPP had a positive effect on growth performance, breast-meat yield, and flock uniformity of broilers raised in the relatively unsanitary environment of experiment 2. The quadratic response to dietary bovine SDPP indicated that the above-mentioned effects were realized at intermediate inclusion levels. Reasons for the decrease in growth performance and carcass characteristics of birds fed diet E with up to 2% SDPP is unclear. Yi et al. [9] reported no adverse effects of feeding diets containing up to 9% SDPP to broilers, with the highest body weight gain in broilers fed diets containing 3% SDPP. In experiment 2 of the current study, broilers on diet E had higher mortality rates, a higher live weight coefficient of variation, fewer broilers with a body weight within 10% of the pen mean, lower rate of body weight gain, less feed con- sumption, and less carcass weight than chickens fed diets B, C, and D, receiving lower levels of bovine SDPP in the feed. Crude-protein analysis of the diets did not reveal major differences among diets (data not shown) that may otherwise have explained the adverse effects. The diets were not adjusted for the relatively high sodium content of bovine SDPP (3.0%), which in the starter phase increased the calculated dietary sodium content to as much as 0.26% (Table 2) . Although the dietary sodium (or salt) content may influence feed intake, Murakami et al. [30] did not find any adverse effects on growth performance or breast-meat yield of broilers fed CONCLUSIONS AND APPLICATIONS 1. Dietary bovine SDPP did not improve growth performance or breast-meat yield of broilers in experiment 1. 2. Dietary bovine SDPP, fed at intermediate levels throughout the growth period, improved growth performance, breast-meat yield, and flock uniformity of broilers in experiment 2. 3. Differences in the degree of sanitation and, therefore, pathogen exposure between experiments 1 and 2 may explain the effects of dietary bovine SDPP in experiment 2. 4. Further research is needed to determine the optimal inclusion level of bovine SDPP, to determine if SDPP should be fed throughout the growth period or in early growth phases only, and to determine how dietary SDPP improves breast-meat yield.
diets containing up to 0.30% sodium. The palatability of bovine SDPP has not been investigated for chickens, but porcine SDPP is reported to be highly palatable to weanling pigs [31] . The performance of broilers on diet E was similar to that of the control broilers, suggesting a low consumption of SDPP by broilers fed diet E. Because the SDPP was sprayed on the diets after pelleting, it cannot be ruled out that there was some separation of the SDPP from the pellets during transport and storage of the feed. If so, the lack of effect of SDPP in diet E may be because of a lower intake of SDPP due to the separation from the pellets.
